Abstract. High prevalence of Fasciola spp. infection in smallholder large ruminant farming systems has been confirmed in many regions of South-East Asia, yet information on trematode knowledge and any control practices of large ruminant farmers is lacking. We surveyed smallholder farmers (n = 326) in northern Laos on knowledge of liver fluke and its management in their large ruminants, identifying 93.1% of farmers had no knowledge and 6.9% minimal knowledge of the parasite and impacts on large ruminant production. The survey further confirmed anecdotal reports that control or prevention measures were lacking, with none of the surveyed producers using effective anthelminthic treatments or grazing strategies to control Fasciola spp. This was despite 20.6% of farmers having reported observing leaf-shaped parasites in the liver of their cattle or buffalo when slaughtered in the past. With increasing demand for red meat in the region, subsistence smallholder farmers are able to supply this market and increase their income. Athough the production impact of fascioliasis in large ruminants in these farming systems still needs to be quantified, farmer knowledge and control of fascioliasis in this region is likely to increase livestock productivity and improve rural livelihoods. This would help to address regional rural poverty and food insecurity, but requires improved knowledge to address the identified knowledge and practice gaps on presence, impact and control of fasciolosis. The majority (95.4%) of surveyed farmers indicated a desire to learn more about fascioliasis in large ruminants, suggesting that extension methods used in the past need adapting to result in more effective knowledge transfer and changed practices in future.
Introduction
Fascioliasis is a global parasitic infection caused by Fasciola hepatica in temperate and F. gigantica in tropical climates, with overlapping of their geographical distribution in some Asian and African countries (Mas-Coma et al. 2005) . The parasite mostly affects domesticated ruminants but can also occur in other species including horses, pigs and humans. Fascioliasis is considered one of the most important diseases of cattle and buffalo in humid tropical regions and has recently been recognised as an important zoonosis in developing countries (Mas-Coma et al. 2005; Duong Quang et al. 2008; Soliman 2008; Nguyen et al. 2011; Torgerson and Macpherson 2011) .
In large ruminants fascioliasis is associated with chronic production losses, decreased carcass quality and yield, and less commonly, overt clinical disease and death. As it causes mainly chronic symptoms and does not affect transboundary trade, fascioliasis is often neglected by owners and livestock workers in developing countries where animal health inputs are low .
In much of South-East (SE) Asia, high rates of fascioliasis are associated with areas where the intermediate snail hosts thrive and sustain the parasite's life cycle. This includes areas of irrigated rice cultivation, where animals graze recently harvested crops and low-lying areas close to rivers, lakes and irrigation channels (Suon et al. 2006, Suhardono and Nguyen et al. 2014) .
Large areas of SE Asia are mountainous upland areas where mostly rain-fed agriculture is practiced including growing of dry land rice. There is a paucity of published information on the occurrence and prevalence of fascioliasis in these upland areas, despite many smallholder farmers raising cattle and buffalo and the climate being conducive for the maintenance of F. gigantica. Two recent surveys across five provinces (Fig. 1 ) in northern Laos confirmed the presence of F. gigantica in large ruminants in this mountainous area of SE Asia, with an overall apparent prevalence of 17.2% (95% CI 13.5-20.9) in large ruminants in a field survey and 34.1% (95% CI 26.0-42.2) in a slaughterhouse survey. Importantly, in the field survey 73.3% of surveyed villages (n = 75) had at least one positive animal identified, confirming that F. gigantica is widely distributed in the mountainous areas of northern Laos (Rast et al. 2013a) .
Laos is conveniently located to supply the growing demand for red meat in SE Asia, driven by the rapidly growing economies and urbanisation in more developed countries in the region (Delgado et al. 1999; Steinfeld et al. 2006) . As in other parts of the region, smallholder farms are mostly mixed enterprises with farmers using traditional low-input farming methods and operating at subsistence levels. Large ruminants formerly used for draft power, are a source of meat for food and manure for fertiliser, but importantly, are kept as an asset store and sold when the household needs larger amounts of cash, rather than for optimal returns (Nampanya et al. 2010) . The increasing regional demand for red meat and livestock products provides opportunities for smallholder farmers to improve their incomes by providing animals to this market, although improved productivity is required. However, there are many constraints that currently inhibit optimal production and need to be addressed, including fascioliasis.
The objective of this study was to assess farmer knowledge of fascioliasis in cattle and buffalo and its control to better understand and potentially address gaps in sustainable parasite control practices. It is hoped that providing strategies that can lead to improved large ruminant productivity in the region's smallholder farming systems will contribute to regional food security. 
Materials and methods

Farmer interviews
Face-to-face interviews were conducted in January and February 2011 with 326 smallholders from 37 villages across five northern provinces in Laos (Fig. 1) . The villages and farmers were selected from a list of 75 villages and households which previously participated in a prevalence study of F. gigantica (Rast et al. 2013a ) by simple random selection using a random number generator in Excel (Microsoft). All villages included in both the prevalence study and this study, were enrolled in a large livestock development project (ADB 2007) or in a smaller research project on large ruminant health and production (Windsor 2006) . Department of Livestock and Fisheries (DLF) staff involved in both of these projects provided authority to access the villages and assisted in data collection. The interviews were conducted by DLF district staff who had been trained in interview techniques, and who had previously conducted similar farmer interviews (Rast et al. 2013b) . Interviews were conducted in the Lao language with each farmer individually and took about an hour per farmer to complete.
Questionnaire
The questionnaire was designed in English, translated into Lao, tested for clarity and modified with assistance from two DLF district extension staff. The final questionnaire contained 15 open and closed questions to capture data on the location of the household, number of household members, number, age, gender, species, weight and monetary value of large ruminants owned, morbidity and mortality of large ruminants (>12 months old) over the past 12 months, plus knowledge and practices of farmers about F. gigantica and its control. Copies of the questionnaire are available from the senior author.
Data entry and management
Completed interviews were translated into English by an independent translator and the data were entered into a customised database in Microsoft Access 2003 (Microsoft Cooperation, Redmond, WA, USA) by the senior author. Basic data manipulations were conducted in this database and Excel (Microsoft 2003 and 2010; Microsoft Corporation) .
Statistical analyses
Statistical analyses were conducted using SAS version 9.3 (SAS 2002-2010, SAS Institute Inc., Cary, NC, USA). Data on numbers of large ruminants per household and farmer knowledge on F. gigantica were obtained by open questions and answers were categorised for analysis (Table 1 ). Farmer knowledge was categorised as: 0 (no knowledge) if the answer indicated the farmer had heard about liver fluke but had no further knowledge; as 1 (minimal knowledge) if the answer indicated that the farmer knew that it was a parasite of cattle or buffalo, or that it affected the liver, or caused chronic disease or could list some of the clinical signs (including oedema, weight loss, anorexia, anaemia, jaundice); or as 2 (good knowledge) if the answer indicated that the farmer had basic knowledge about the aetiology, epidemiology, impact (clinical signs) and control or management options of liver fluke.
For the farmer interviews a descriptive analysis was performed on all variables using frequency tables. Associations were separately investigated between categorical explanatory variables (Table 1 ) and the two binary outcome variables of household herd F. gigantica status (positive/negative) and household herd morbidity in adult (>12 months old) animals over the past 12 months (yes/no). The F. gigantica status of each Producer knowledge and practices on Fasciolosis in ruminants Animal Production Sciencehousehold's large ruminant herd (animals >12 months old) was determined positive if 1 large ruminant had a positive faecal egg count for F. gigantica in the prevalence study preceding the farmer interviews (Rast et al. 2013a) . Household large ruminant herd morbidity of adult animals was determined from the answers farmers gave in the interview to the question if they had sick cattle or buffalo >12 months old over the past 12 months. Unconditional association between the outcome variables and each explanatory variable was assessed based on the likelihood ratio chi-square using univariable logistic regression and using UniLogistic SAS Macro (Dhand 2009 ). For explanatory variables with an unconditional P-value of <0.25 and <10% missing values, pairs were tested for collinearity using Spearman rank coefficient and for significant associations (coefficient >0.7) one variable of the collinear pair was selected for further investigation based on biological plausibility. Subsequently a multivariable logistic regression model was built using manual forward stepwise approach employing MultiLogistic SAS Macro (Dhand 2009 ). Variables with P-values <0.05 were retained in the final model for each outcome. To assess the effect of clustering among outcome observations from the same province, district or village each were added as random effect terms to the final model for each outcome and the model refitted using the GLIMMIX procedure in SAS.
Results
Farmers (n = 326) from 37 villages in 20 districts were interviewed across the five northern Lao provinces of Bokeo, Luang Namtha, Luang Prabang, Houaphan and Xiengkhuang (Fig. 1) . The interviewed farmers reported morbidity in 39 (5.7%) of their adult (>12 months old) buffalo and 89 (8.2%) of their adult cattle with a mean duration of illness of 25.9 days (s.d. 23.3). The mean age of ill animals was 52.9 months (s.d. 33.2). Clinical signs and frequency that farmers reported for cattle and buffalo included foot and mouth disease (FMD) lesions on mouth, feet or udder (50); diarrhoea (32); swollen neck/sore throat (15); weight loss (10); lameness (10); sore eyes (7); depression and anorexia (4). The treatment rate of ill animals was 68.0% and medications used included traditional medicines (56 animals), salt (6), antibiotics (11; penicillin/streptomycin or oxytetracycline), anthelmintics (5; ivermectin or levamisole), human anti-diarrhoeal medication (1) and petrol (1). Seven owners were uncertain what medication was used. Of the 110 ill animals where the outcome was reported, 96.4% (106) recovered, 2.7% (3) died and one was sold. Among the 306 farmers who answered the questions regarding their knowledge about liver fluke, 93.1% (285) had never heard of or knew anything about liver fluke, 6.9% (21) had minimal knowledge of fascioliasis in large ruminants and none had good knowledge. Farmers were asked if they had seen leafshaped worms in cattle or buffalo livers when animals were slaughtered in the past, with 20.6% (63) reporting having observed some. Farmers were also asked if they thought their own large ruminants had liver fluke, with 73.4% (174) and 78.1% (157) unsure of the liver fluke status of their cattle and buffalo respectively, 6.4% (12) and 5.2% (17) believing their cattle or buffalo respectively were infected, with the remainder considering their animals as uninfected. The majority of farmers expressed a desire to learn more about liver fluke with 95.4% (292) keen to know more, including the aetiology, epidemiology, life cycle, control and prevention of infection. One farmer wanted to know about the financial impact of fascioliasis and 13 farmers did not respond to this question.
The frequency of the variables examined and the results of the final multivariable logistic regression models are presented (Tables 1-3 ). Farmer sighting of fluke-like worms in livers of cattle or buffalo when slaughtered was significantly associated (P < 0.023) with liver fluke status and morbidity in the past 12 months at household herd level.
Discussion
Despite considerable investment into F. gigantica research in SE Asia previously, there is little evidence that the knowledge gained has been transferred to farmer level or led to any widespread and sustained control or management of the parasite Gray et al. 2012) . Our study confirmed the almost complete lack of knowledge among farmers in northern Laos about F. gigantica in large ruminants and potential impacts on production. As the surveyed farmers had been part of a prevalence survey for liver fluke involving faecal sample collection from their animals a few months earlier and had been regularly visited by trained DLF extension staff for 2-3 years before this survey, either knowledge of fascioliasis among extension staff was still poor or their ability to transfer this knowledge to farmers was deficient. We consider it more likely that the farmer knowledge gap identified reflects knowledge transfer deficits and may be due to several reasons, including cultural and communication challenges (i.e. different ethnic groups and languages), remoteness of many villages from DLF district centres in larger towns where some training and information is more readily available, plus the low capacity and minimal resources of the Lao animal health and livestock production extension system. The desire of farmers for more information on the topic was evident with 95.4% of the interviewed farmers wanting more information on liver fluke. Only one of the interviewed farmers wanted to know about the financial impact of fascioliasis in cattle and buffalo. This may reflect that large ruminant smallholder farming in northern Laos is predominantly at subsistence levels and that economic considerations are currently not a driver for farmers to consider parasite control in their mixed farming enterprises. Change in demand of large ruminants in the region is likely to alter the reasons for keeping cattle or buffalo, however more research on sociological factors that drive large ruminant keeping or production within Lao's smallholder farming systems is needed to answer this.
The need for education of farmers and for them to have access to relevant information is evident from the observations that despite the interviewed farmers having no liver fluke knowledge, a large proportion reported observing leaf-shaped worms in the livers of slaughtered cattle (18.4%) and buffalo (17.7%) respectively. This indicates that smallholder farmers did not associate the presence of parasite in livers of cattle and buffalo with any adverse effect on large ruminant health and production. Although it is possible that the leaf-shaped structures farmers reported sighting were not F. gigantica, we consider this unlikely as extensive slaughterhouse surveys at the same time in the same area did not reveal the presence of any other trematode or similar looking parasites in the examined livers (Rast et al. 2013a) .
Further the slaughterhouse surveys confirmed 95.6% (n = 68) and 40.0% (n = 55) of slaughtered buffalo and cattle respectively having severe liver damage consistent with F. gigantica infection, providing some evidence that clinical and potentially financial impact due to infection is likely. These impacts are likely to increase as prevalence increases due to lack of any control measures and as currently minimal slaughter hygiene and food safety measures are implemented due to resource and capacity constraints common in developing countries in the region.
Statistical modelling results showed that farmer sighting of fluke-like worms at slaughter in the liver of their large ruminants was significantly (P = 0.023) associated with positive F. gigantica faecal egg count status of their herd. This suggests that farmers could determine the infection status of their herd at slaughter, and the presence of fluke at slaughter could be used as an indicator for the need to manage liver fluke in the herd of origin while routine diagnostic capacities for internal parasites remain very limited for most smallholder farmers in the region. However, further investigation on production impact (such as weight gain) is required to evaluate preventative versus therapeutic treatment as it is likely that avoidable production losses occur early in the disease process.
Statistical analyses also showed reported morbidity in the household large ruminant herd (animals >12 months old) in the past 12 months was significantly (P = 0.023) associated with farmers having seen fluke in livers at slaughter. This could indicate that fascioliasis eventually leads to obvious clinical signs and production losses or that farmers tend to slaughter sick or lighter animals. Our study did not allow determination of the aetiology of morbidity reported in adult cattle and buffalo by the interviewed farmers as the clinical signs described were of a general nature and not considered pathognomonic for any diseases other than for FMD, and with diagnostic investigation of sick animals with submission of samples not occurring.
Treatment rates of sick animals were considered high (S. Khounsy, unpubl. data) with 68.0% of ill animals treated, mostly using traditional medicines or plants but also some anthelminthic, antibiotics and human medication. This is of potential concern for food safety and sustainability. Development of resistance to antibiotics and anthelmintics due to uncontrolled use of therapeutics is possible as the widespread unavailability of weight scales suited for adult large ruminants in villages suggests that animals are regularly dosed incorrectly. The relative high treatment success rate, as reported by farmers with 96.4% of treated animals recovering, may indicate that clinical signs observed were not due to fascioliasis as none of the reported treatments are considered effective fasciolacide. This further supports the need for research to quantify the production impact of fascioliasis within these farming systems.
Sustained widespread control of liver fluke in ruminants is currently not practiced in Laos and many other tropical developing countries for a variety of reasons, including low availability and high cost of anthelmintics for trematodes, low knowledge of farmers and extension workers (Sani et al. 2004) , plus the lack of a sound understanding of farmer needs and requirements for change within the different farming systems (Gray et al. 2012) . Parasite management in livestock usually involves a combination of anthelmintics, grazing and husbandry management that is underpinned by good knowledge about the local ecology and epidemiology of the parasite. Although the drivers for sustained F. gigantica control in smallholder farming systems are likely to be complex and require adaptation to different regions, farming systems and communities, awareness of the parasite and knowledge of control among stakeholders especially the producers is an essential driver for sustained and widespread control and management. This appears to require continued and different training of animal health extension staff, farmers and other livestock production stakeholders implementing extension methods and capacities that allow knowledge transfer to producers and hence producer participation to effect sustainable change in practices. We suggest that participatory approaches should be explored that includes producers and other important stakeholders (i.e. involved in animal/meat processing). This will require substantial investment in capacity building within the animal health sector of developing countries such as Laos.
